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services.	 Integral	 approaches	 that	 include	 species	 interactions	 and	
trophic	networks	are	especially	important	because	ecosystem	perfor-
mance	 strongly	 depends	 on	 complex	 interactions	 among	 organisms	
with	tight	interconnections	of	above-	and	belowground	systems	(De	
Deyn	&	van	der	Putten,	2005;	Kardol	&	Wardle,	2010;	Soliveres	et	al.,	
     |  3TROGISCH eT al.
2016).	This	is	particularly	true	for	forests,	which	represent	long-	lived	
and	 highly	 complex	 dynamic	 systems	 (Scherer-	Lorenzen,	 Körner,	 &	
Schulze,	2005).
Forests	 support	 a	 wealth	 of	 ecosystem	 functions	 and	 services,	
such	 as	 biomass	 production,	 carbon	 storage,	 and	 prevention	 of	 soil	
erosion,	 and	 promote	 the	 diversity	 of	 coexisting	 taxa	 (Pan,	 Birdsey,	
Phillips,	&	Jackson,	2013).	Tree	diversity	has	been	shown	to	affect	this	
multifunctionality	 at	 local	 and	 larger	 spatial	 scales	 (Gamfeldt	 et	al.,	
2013;	van	 der	 Plas	 et	al.,	 2016;	 Scherer-	Lorenzen,	 2014).	However,	
experimental	 research	 on	 the	 relationships	 between	 biodiversity	
and	multiple	ecosystem	functions	 in	forests	has	begun	only	recently	
(Scherer-	Lorenzen	 et	al.,	 2005;	 Verheyen	 et	al.,	 2016).	 Considering	







tion	value	 is	often	 limited	by	 inseparable	effects	of	species	diversity	
and	identity	as	well	as	confounding	abiotic	factors	(Nadrowski,	Wirth,	
&	 Scherer-	Lorenzen,	 2010;	 Vilà	 et	al.,	 2005).	 Thus,	 well-	designed	
biodiversity	 experiments	 are	 required	 to	 study	 causal	 tree	 diversity	







uation	of	 a	 large	 range	of	 ecosystem	 functions	 also	 encountered	 in	
mature	forests.	 In	addition,	 they	represent	a	unique	 large-	scale	field	
network	to	study	tree	establishment	as	a	function	of	forest	diversity	
soon	 after	 planting	 and	 during	 canopy	 closure	 (Scherer-	Lorenzen,	
Potvin,	et	al.,	2005).
One	 of	 the	 most	 striking	 features	 of	 many	 forest	 BEF	 exper-
iments,	 in	 which	 tree	 species	 richness	 and	 composition	 are	 ma-
nipulated	 deliberately,	 is	 their	much	 larger	 spatial	 dimension	 than	
comparable	 grassland	 BEF	 experiments.	 Forest	 BEF	 experiments	
with	 up	 to	 several	 hundred	 thousands	 of	 tree	 individuals	 planted	
often	 extend	 to	 the	 landscape	 scale.	 In	 small-	scale	 grassland	 BEF	
experiments	with	 fast-	growing	 herbaceous	 species,	 environmental	
factors	 can	 be	 controlled	 reasonably	well	 through	 applying	 a	 ran-








et	al.,	 2006;	 Bruelheide	 et	al.,	 2014;	 Caspersen	 &	 Pacala,	 2001;	
Healy,	Gotelli,	&	Potvin,	2008).	Consequently,	the	methods	applied	
to	 assess	 ecosystem	 functions	 must	 be	 applicable	 to	 capture	 the	
variation	in	environmental	gradients	and	the	effects	of	tree	diversity	
at	the	different	spatial	scales	between	and	within	blocks	(and	plots).	
Therefore,	 practical,	 repeatable,	 and	 standardized	high-	throughput	
methods	are	required	to	quantify	ecosystem	functions	or	variables	
on	 a	 large	 set	 of	 plots	 and	 across	 the	 network	of	 diversity	 exper-




typically	 focus	 on	 two	or	 three	 spatial	 scales	 corresponding	 to	 tree	
community	organizational	 levels:	the	 individual	tree,	the	 local	neigh-
borhood	of	the	individual	tree,	and	the	plot	or	community	level.	The	
level	of	the	individual	tree	is	used,	for	example,	to	measure	species-	
specific	 tree	 growth	 (Li,	 Härdtle,	 et	al.,	 2014),	 herbivory	 (Schuldt,	
Bruelheide,	 et	al.,	 2015),	 or	 fungal	 infestation	 (Hantsch,	 Bien,	 et	al.,	
2014).	Moreover,	 the	 assessment	 of	 functional	 plant	 traits	 is	 based	
on	the	measurement	of	individual	trees	with	a	strong	focus	on	species	
identity	(Kröber,	Li,	et	al.,	2015).	Even	if	measurements	are	carried	out	

















Given	 that	 each	method	 aims	 to	 contribute	 information	 at	 the	
respective	scale,	a	well-	balanced	mixture	of	methods	 is	 required	to	
maximize	knowledge	gain	from	cost-	and	 labor-	intensive	 (land	rent,	













be	 catalyzed	 in	 a	 multifunctional	 context	 (Nadrowski	 et	al.,	 2013).	
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2  | BEF- CHINA AS A CASE STUDY OF A 
LARGE TREE DIVERSITY EXPERIMENT
BEF-	China	is	the	first	tree	diversity	experiment	in	the	humid	sub-
tropics,	established	2009/2010	 in	 southeast	China	 (Xingangshan,	
Jiangxi	 Province)	 with	 a	 total	 net	 area	 of	 38.4	ha	 (Figure	1)	 dis-
tributed	 across	 two	 hilly	 landscapes	 (site	 A	 and	 B).	 The	 overall	
design	and	establishment	success	of	the	experiment	are	provided	
by	Bruelheide	 et	al.	 (2014)	 and	Yang	 et	al.	 (2013).	A	 unique	 fea-
ture	of	the	experiment	 is	the	 large	range	of	tree	species	richness	
levels	 and	 different	 nonoverlapping	 species	 combinations	 within	
different	 random	 and	 nonrandom	 (trait-	driven)	 extinction	 sce-
narios.	 The	 size	 of	 the	 total	 species	 pool	 is	 40	 tree	 species,	 and	




with	400	trees	 in	a	 regular	grid	of	20	 rows	×	20	columns.	 In	 two	
of	 the	 random	 extinction	 scenarios,	 tree	 diversity	 is	 factorially	
crossed	with	 shrub	diversity	planted	 in	between	 the	 trees	at	 the	
same	 density	 as	 those.	 The	 experiment	 has	 been	 established	 on	
sloped	terrain	that	allows	assessing	plant	diversity	effects	on	the	
reduction	 in	 soil	 erosion—an	 ecosystem	 service	 of	 high	 environ-
mental	importance	in	rain-	laden	southeast	China.
To	separate	 tree	diversity	effects	 from	 influences	of	abiotic	en-
vironmental	 covariates,	 environmental	 heterogeneity	 was	 quanti-
fied	 by	 assessing	 local	 and	 regional	 topography,	 microclimate,	 and	












should	 be	 rather	 regarded	 as	 stimulus	 to	 rethink	 methodical	 con-
cepts	 and	approaches	 for	 large	 cooperative	projects	 and	networks.	
We	begin	with	methods	for	assessing	plant	growth	and	facets	of	tree	
diversity	(leaf	functional	trait	diversity	and	tree	genetic	diversity)	and	
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2.1 | Plant biomass production and tree growth
2.1.1 | Aboveground tree biomass and productivity





Basically,	 tree	 biomass	 production	 is	 quantified	 by	 repeated	meas-
urements	 of	 tree	 size	 variables	 and	 subsequent	 calculation	 of	 tree	
biomass	based	on	allometric	equations,	 avoiding	artefactual	 species	
identity	 effects	 which	 can	 be	 a	 result	 of	 using	 different	 functions	
for	different	 species	 (e.g.,	Forrester,	Benneter,	Bouriaud,	&	Bauhus,	
2017).	 However,	 comprehensive	 annual	 inventories	 with	 measure-
ment	of	basal	diameter,	diameter	at	breast	height	(DBH,	caliper,	and	




of	 sampled	 trees.	One	 solution	 is	 to	 carry	out	 these	measurements	
on	 a	 section	within	 plots.	 In	 BEF-	China,	 the	 central	 16	 of	 the	 400	
trees	in	every	plot	were	defined	as	a	core	area	and	chosen	for	annual	
measurements.
In	 addition	 to	 quantifying	woody	 biomass,	 leaf	 turnover	 has	 to	
be	 considered	 as	 a	 significant	 part	 of	 net	 primary	 production.	 Leaf	
production,	 herbivory,	 and	 mortality	 can	 be	 determined	 easily	 and	
cost-	effectively	by	regular	monitoring	of	marked	 leaf	cohorts	on	se-











area	 to	ground	area,	 is	an	 important	structural	variable	 for	key	eco-
physiological	 processes	 (e.g.,	 energy	 interception	 and	 transpiration).	
Most	 commonly,	 LAI	 is	 indirectly	measured	 as	 interception	 of	 pho-
tosynthetically	active	radiation	 (PAR)	or	by	analysis	of	hemispherical	
photographs	 (Castro-	Izaguirre	 et	al.,	 2016;	 Peng,	 Schmid,	 Haase,	 &	
Niklaus,	 2017).	 Both	methods	 have	 their	 advantages	 and	 disadvan-
tages,	which	are	further	discussed	in	Asner,	Scurlock,	and	Hicke	(2003)	
and	Bréda	(2003).
2.1.2 | Belowground tree biomass and productivity















































































































































































































































































8  |     TROGISCH eT al.
fauna	and	being	involved	in	nutrient	and	water	uptake	(Jackson	et	al.,	
1996).	Thus,	understanding	 fine-	root	dynamics	 is	pivotal	 for	under-
standing	belowground	interactions	as	well	as	tree	growth	and	survival	









method.	 Soil	 cores	 (10	cm	 in	diameter,	 30	cm	 in	depth)	 are	usually	












































































































































analysis	 of	 diameter	 and	 specific	 root	 length	 (Bu	 et	al.,	 2017;	 Sun	
et	al.,	 2017).	 For	 estimation	of	 annual	 production	of	 fine	 roots,	we	








tubes	(typically	 length	90	cm	and	diameter	7	cm)	are	 installed	 in	the	
middle	of	two	conspecific	(in	monoculture)	or	heterospecific	(in	mix-
tures)	neighbored	trees	 in	an	angle	of	45°	to	the	soil	surface.	Tubes	
are	 scanned	 at	 intervals,	 for	 example,	 twice	 per	 year	 in	 May	 and	
November,	and	pictures	analyzed	for	fine-	root	 length,	area,	amount,	
longevity,	and	turnover	rate.
2.1.3 | Tree growth and crown architecture





Messier,	&	Reich,	 2017).	However,	 conventional	measurements	 are	
time-	consuming	and	do	not	deliver	much	detail.	In	recent	years,	ter-

















DBH),	 but	 also	 more	 complex	 variables	 (i.e.,	 branch	 demography,	
crown	 volume,	 and	 wood	 volume),	 can	 be	 obtained	 for	 every	 tree	















tion	of	 forests	 (Gilliam,	2007),	 improved	understanding	of	how	tree	
diversity	 affects	 herb-	layer	 attributes	 and	 seedling	 establishment	 is	
critical.	 In	 this	 respect,	 tree	 diversity	 experiments	 allow	 for	 assess-
ing	the	relationships	between	forest	overstory	and	understory	species	
richness,	composition,	and	productivity,	and	how	these	relationships	
are	 influenced	 by	 spatial	 environmental	 heterogeneity	 and	 forest	
stand	age	(Both	et	al.,	2012).
In	 large-	scale	 forest	 experiments,	 full-	vegetation	 relevés	 are	
laborious	 and	 time-	consuming.	At	 the	 plot	 level,	W-	transects	 (i.e.,	
linear	transects	in	the	shape	of	a	W)	provide	a	time-	and	resource-	
efficient	 method	 for	 repetitively	 assessing	 herb-	layer	 species	 in-
ventory	 as	 species	 richness	 and	 composition	with	 information	 on	
estimated	 proportions	 in	 cover	 on	 a	 large	 number	 of	 plots.	 In	 ad-
dition,	 herb-	layer	 vegetation	 surveys	 performed	 on	 separate	 and	







tional	group	 removal)	at	 the	subplot	 level.	Biomass	harvest	by	plant	
functional	groups	 (forbs,	grasses,	 climbers,	and	woody	seedlings)	on	
randomly	located	quadrates	within	each	subplot	can	serve	as	a	proxy	
for	 overall	 herb-	layer	 productivity	 and	 its	 functional	 group	 compo-
nents.	In	combination	with	a	vegetation	survey,	this	approach	allows	






2.2 | Facets of tree diversity
2.2.1 | Leaf functional trait diversity
A	primary	goal	of	BEF	research	is	to	identify	linkages	between	func-
tional	plant	traits	and	ecosystem	processes	(de	Bello	et	al.,	2010;	Díaz	
et	al.,	2007).	 In	particular,	 the	detection	of	key	 functional	 traits	and	
their	interrelationships	and	trade-	offs	is	of	great	importance	to	derive	






sites.	 However,	 destructive	 sampling	 and	 time-	consuming	 analyses	





&	 Townsend,	 2014;	 Zuppinger-	Dingley,	 Flynn,	 Brandl,	 &	 Schmid,	







high	 number	 of	 reference	 samples	 (approx.	 200–300)	 with	 known	




making	 sample	 preparation	 and	 transport	 unnecessary	 (Galuszka,	
Migaszewski,	&	Namiesnik,	2015;	Serbin	et	al.,	2014).	Portable	spec-
trometers	accelerate	data	collection	and	make	it	possible	to	consider	















and	 in	 trait	 plasticity,	 causes	 large	 variation	 in	 plant	 performance	










In	 experimental	 analyses	 of	 biodiversity–functioning	 relation-







need	 to	 be	 raised	with	 recorded	 seed	 family	 identity.	 Seed	 family	
identity	then	needs	to	be	considered	during	the	experimental	set-	up	
to	control	genetic	variation,	for	example,	by	planting	representatives	
of	 an	equal	number	of	 seed	 families	 in	 all	 plots.	Moreover,	 genetic	
variation	can	be	manipulated	using	different	numbers	of	seed	fami-
lies,	for	example,	in	order	to	assess	the	relative	role	of	genetic	vari-
ation	 at	 the	 inter-	 and	 intraspecific	 level	 (Hahn	 et	al.,	 2017;	 Zeng,	
Durka,	&	Fischer,	2017).












ilies	 (Hahn	et	al.,	2017);	 (3)	 as	an	additional	phytometer	by	planting	
Machilus thunbergii	seed	families	into	each	plot	of	the	experiment.
Using	seed	families	as	matrix	species	or	as	phytometers	allows	to	















plant	 growth	 (Agrawal,	 2007;	 Coley	 &	 Barone,	 1996;	 Viola	 et	al.,	
2010).	 These	 factors	 all	 influence	 plant	 community	 composition,	
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primary	 production,	 and	 nutrient	 cycling	 (Schmitz,	 2008).	 Large-	
scale	 herbivory	 assessments	 often	 trade-	off	 time	 efficiency	 and	
sampling	accuracy,	 and	quantification	of	 leaf	damage	has	become	
a	 standard	 method.	 Leaf	 damage	 is	 measured	 by	 either	 record-
ing	herbivory	rates	 (increase	 in	damage	between	two	time	points)	
or	 by	 measuring	 standing	 damage	 levels	 (i.e.,	 one-	time	 measure-
ments).	 For	 large-	scale	 BEF	 experiments,	we	 recommend	 the	 lat-
ter,	 less	 time-	consuming	method	 as	 a	 quick	 assessment	 tool	 (see	
also	Johnson,	Bertrand,	&	Turcotte,	2016).	However,	care	needs	to	





need	 to	 be	 considered	 in	 assessment	 timing	 and	 data	 interpreta-
tion.	 Most	 studies	 visually	 estimate	 leaf	 damage,	 by	 either	 com-
paring	 total	 and	damaged	 leaf	 area	 (Poorter	 et	al.,	 2004)	 or	 using	
predefined	damage	classes	(Schuldt,	Bruelheide,	et	al.,	2015;	Sobek,	
Scherber,	 Steffan-	Dewenter,	 &	 Tscharntke,	 2009;	 Unsicker	 et	al.,	
2006;	Vehviläinen,	Koricheva,	&	Ruohomäki,	 2007).	 For	 the	BEF-	
China	project,	predefined	damage	classes	 (0%,	≤5%,	≤25%,	≤50%,	
≤75%,	and	>75%)	have	proven	useful.	Estimation	accuracy	has	been	
assessed	with	 digital	 scans	 of	 randomly	 collected	 leaves	 (Schuldt	
et	al.,	 2012).	 For	 each	 tree,	 seven	 young,	 fully	 expanded	 leaves	
are	 screened	 on	 each	 of	 three	 randomly	 selected	 branches.	With	
increasing	 tree	 height,	 branches	 are	 selected	 to	 represent	 upper,	
mid,	and	lower	crown	conditions.	The	sampling	design	follows	the	
assessment	of	 tree	growth,	 comprising	6	×	6	 individuals	 in	mono-
cultures	and	two-	species	mixtures	and	up	to	12	×	12	individuals	in	
the	more	 species-	rich	 plots.	 As	 the	 number	 of	 trees	 of	 a	 certain	
species	per	plot	decreases	with	 increasing	 tree	diversity	 (because	
of	constant	planting	density),	an	increase	in	the	number	of	sampled	
trees	per	plot	is	necessary	to	allow	for	species-	level	analysis	at	the	
tree	 level.	 Such	 analysis	 requires	 that	 all	 species	 are	 represented	
by	a	similar	amount	of	 tree	 individuals	 irrespective	of	 the	 level	of	























tree-	level	 measurements)	 an	 increasing	 number	 of	 tree	 individuals	
with	 increasing	 tree	 diversity	 to	 ensure	 a	 representative	 number	 of	
individuals	 per	 tree	 species	per	plot	 (i.e.,	 6	×	6	 individuals	 in	mono-
cultures	 and	 two-	species	mixtures,	 9	×	9	 individuals	 in	 four-	species	
mixtures,	12	×	12	individuals	in	eight-	,	16-	,	and	24-	species	mixtures).
In	 contrast	 to	 the	 more	 common	 microscopic	 in-	depth	 investi-
gation	 of	 fungal	 pathogens	 (Hantsch,	 Braun,	 Scherer-	Lorenzen,	 &	
Bruelheide,	2013;	Hantsch,	Bien,	et	al.,	2014)	or	identification	of	fo-
liar	fungi	with	molecular	high-	throughput	sequencing	 (Nguyen	et	al.,	










for	 trophobiotic	 interactions	 that	allows	 time-	efficient	 sampling	of	






collected	and	stored	 in	70%	ethanol	 for	 later	 identification.	To	en-
sure	the	sampling	of	a	sufficiently	large	number	of	individuals	of	all	
tree	 species	also	 in	high-	diversity	plots,	we	suggest	 increasing	 the	
number	of	sampled	tree	 individuals	with	 the	 tree	diversity	 level	of	
a	given	plot	(see	Herbivory).	The	data	can	be	analyzed	for	the	effect	
of	 tree	 species	 identity	 and	 tree	 species	 diversity.	 The	 R-	package	
“bipartite”	offers	all	tools	for	ecological	network	analyses	(Dormann,	
Fründ,	Blüthgen,	&	Gruber,	 2009).	 From	our	 experience,	 network-	
level	 specialization	H2′	 (Blüthgen,	Menzel,	 &	 Blüthgen,	 2006)	 and	
weighted	generality	Gqw	 (Bersier,	Banašek-	Richter,	&	Cattin,	2002)	
are	 particularly	 useful	 to	 analyze	 the	 specificity	 and	 generality	 of	




of	 trophic	 interactions,	 consumption	 and	 mutualism	 (Thébault	 &	
Fontaine,	2010),	can	be	studied	simultaneously.	If	aphids	are	attacked	
by	parasitoids,	another	trophic	interaction	can	be	added	to	the	study	















































plants.	These	 samples	 can	be	pooled	 into	a	 composite	 sample	 from	
which	the	DNA	is	extracted	and	analyzed	(Wu	et	al.,	2013).
Integrating	 the	 microbial	 species	 (operational	 taxonomic	 units—
OTU)	 abundance	 matrices	 with	 other	 co-	occurring	 organisms	 and	
environmental	variables	and	using	ecological	statistical	analysis	tools	
enabled	us	 to	assess	 the	 significance	of	 soil	microbes	on	 inter-	 and	
intrakingdom	 interaction	 networks,	 multitrophic	 interactions,	 forest	
ecosystem	functions,	and	multifunctionality.
2.4.2 | Microbial biomass and activity
The	 effects	 of	 tree	 species	 diversity	 on	 soil	 microbial	 community	
structure	and	activity	remain	poorly	understood,	despite	the	 impor-
tant	 role	 of	 soil	microorganisms	 for	 ecosystem	 functioning	 (Naeem	
et	al.,	2000;	Zak,	Holmes,	White,	Peacock,	&	Tilman,	2003).
Phospholipid	 fatty	 acid	 analysis	 (PLFA)	 has	 been	 validated	 as	 a	
valuable	 approach	 of	 investigating	 soil	 microbial	 community	 com-
position	 and	 viable	 microbial	 biomass	 (Bartelt-	Ryser,	 Joshi,	 Schmid,	
Brandl,	&	Balser,	2005;	Frostegård	&	Bååth,	1996;	Frostegård,	Tunlid,	
&	Bååth,	 2011;	 Pei	 et	al.,	 2016;	Vestal	 &	White,	 1989).	 Recently,	 a	
high-	throughput	method	of	lipid	extraction	and	analysis	has	been	de-
veloped,	which	 allows	 for	 lipid	profiling	 for	 large	 ecosystem	 studies	
(Gutknecht,	Field,	&	Balser,	2012;	Oates	et	al.,	2017).	In	this	method,	
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et	al.	(2011).	Due	to	the	small-	scale	analysis	in	96-	well	plates	and	the	
use	of	multiwell	plate-	reader	technology,	rapid	processing	of	a	 large	






Decomposition	 of	 organic	 matter	 is	 a	 highly	 integrative	 process	 in	
ecosystem	biogeochemistry,	which	replenishes	the	pool	of	plant	avail-
able	nutrients,	and	releases	photosynthetically	 fixed	carbon	back	to	

















the	 globe.	However,	 the	 standard	material	 used	 (green	 tea,	 rooibos	
tea)	 is	 absent	 from	 the	 studied	 ecosystem,	 hence	 it	will	 be	 difficult	
to	infer	the	multitude	of	mechanisms	by	which	tree	diversity	may	in-
fluence	 litter	decomposition.	Magnitude	and	direction	of	 tree	diver-
sity	effects	can	also	differ	among	 litter	 substrates.	Thus,	 to	account	
for	 possible	 species	 identity	 effects,	 plant	 litter	with	 contrasting	 lit-
ter	quality	should	be	employed	together	as	standard	litter	substrates	
(Seidelmann	 et	al.,	 2016).	As	with	 any	other	 standard	material	 used	
(e.g.,	wheat	 straw,	 cotton	 strips,	 and	 standard	 litter	of	one	 species),	



























Deadwood	 is	 a	 key	 driver	 of	 ecosystem	 functioning	 in	 forests	
(Cornwell	et	al.,	2009;	Harmon	et	al.,	1986;	Wirth,	2009)	and	one	
of	the	most	important	components	of	forest	ecosystem	biodiver-
sity,	 carbon	 and	 nutrient	 cycling,	 energy	 flows,	 and	 soil-	forming	
processes	 (Harmon	et	al.,	1986;	Laiho	&	Prescott,	1999;	Lindahl,	
Taylor,	&	Finlay,	2002).	On	the	one	hand,	care	must	be	taken	when	
choosing	 the	 size	of	wood	 samples	with	 respect	 to	 the	 scope	of	
individual	 studies.	 Smaller	 pieces	 allow	a	 larger	 sample	 size	with	
a	 feasible	 amount	 of	 labor	 and	 space	 requirements	 in	 the	 field.	
On	 the	 other	 hand,	 larger	 pieces	 can	 carry	 a	 higher	 diversity	 of	
decomposers	 due	 to	 the	 fact	 that	 especially	 larger	 decomposer	




and	 other	 invertebrates	 is	 studied	 using	 different	 mesh	 sizes	 in	
a	 litterbag	 approach	 (Eichenberg	 et	al.,	 2017).	 This	 allows	 a	 fast	
assessment	 of	 abiotic	 controls	 on	 wood	 decomposition	 in	 rela-







ice	 cream	 sticks	 from	 birch	wood	 and	 chopsticks)	would	 greatly	
expand	the	comparability	of	wood	decomposition	rates	for	better	
global	predictions.
2.5.3 | Soil fertility and C storage
Soil	 fertility	 is	 an	 important	 covariate	 in	 the	 analysis	 of	 effects	 of	
tree	species	richness	on	ecosystem	functioning.	Large	forest	BEF	ex-









important	 insights	 into	 how	 tree	 species	 richness	 and	 composition	
modify	soils	during	stand	development.	Tracking	these	plant-	induced	
temporal	 changes	 in	 soil	 properties	 (see	 ecoscape	 approach	 above)	
permits	 the	 identification	of	 forest	compositions	promoting	nutrient	
cycling	 and	 nutrient	 use	 efficiency	 (Richards,	 Forrester,	 Bauhus,	 &	
Scherer-	Lorenzen,	 2010)	 and	 also	 the	 quantification	 of	 soil	 C	 accu-
mulation—an	 important	 ecosystem	 service	 (Díaz,	 Hector,	 &	Wardle,	
2009).
In	the	BEF-	China	experiment,	initial	soil	conditions	have	been	thor-
oughly	 mapped	 before	 forest	 establishment	 (Scholten	 et	al.,	 2017).	




capacity,	 exchangeable	 cations,	 and	 base	 saturation.	Many	 of	 these	
properties	 can	 also	 be	 determined	with	 sufficient	 accuracy	 through	
near-	infrared	 spectroscopy	 (NIRS)	 and	 mid-	infrared	 spectroscopy	
(MIRS),	 once	 calibrated	 for	 the	 particular	 soil	 property,	 to	 facilitate	
inexpensive	analyses	and	rapid	assessment	of	large	numbers	of	sam-
























Goc,	 Kühn,	 &	 Wiegand,	 2011).	 The	 sand	 loss	 calculated	 from	 the	
amount	 of	 sand	 remaining	 after	 exposition	 of	 the	 cup	 to	 rainfall	 is	
converted	to	kinetic	energy	using	a	linear	calibration	function	derived	




and	 diversity	 levels	 (Geißler	 et	al.,	 2013;	 Goebes,	 Bruelheide,	 et	al.,	
2015;	Goebes,	Seitz,	et	al.,	2015).
Surface	 runoff	 and	 sediment	 discharge	 are	 observed	 using	 mi-
croscale	 runoff	 plots	 (ROPs)	 sized	 0.16	m2	 (0.4	m	×	0.4	m)	 and	 bor-
dered	 by	 stainless	 steel	 panels	 in	which	 soil	 surface	 cover	 (e.g.,	 by	
stones	or	biological	soil	crusts)	is	recorded	photogrammetrically	(Seitz	
et	al.,	 2016).	ROPs	 can	be	equipped	with	pitfall	 traps	 to	 implement	
a	soil	fauna	treatment	(Seitz	et	al.,	2015).	Runoff	is	collected	in	20-	L	
containers	 connected	 to	 covered	 triangular	 gutters.	 Both	 sediment	
discharge	and	runoff	are	analyzed	for	C,	N,	and	P	contents.	The	small	
ROP	size	allows	investigating	 interrill	erosion	precisely	as	other	pro-
















diversity	 experiments,	 we	 highlighted	 how	 methods	 can	 be	 com-
bined	 to	 simultaneously	 address	 multiple	 ecosystem	 functions	 and	
consequently	 maximize	 synergy	 in	 forest	 biodiversity	 research.	 By	
implementing	 harmonized	 methods,	 scientific	 knowledge	 gain	 can	
be	optimized	while	simultaneously	using	the	specific	expertise	of	in-
volved	research	teams	efficiently.	Only	if	consistent	datasets	for	es-
sential	 ecosystem	 functions	 can	be	 amalgamated	within	 and	 across	
tree	diversity	experiments,	progress	in	BEF	research	can	be	achieved.	
For	 example,	 understanding	 how	 herbivory	 and	 leaf	 pathogens	 are	
influenced	 by	 tree	 diversity	 can	 provide	 deeper	 insights	 into	 the	








In	 order	 to	 fully	 explore	 the	 potentials	 of	 tree	 diversity	
studies	 that	 aim	 to	 quantify	 effects	 on	 multifunctionality,	 an	
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“all-	measurements-	on-	all-	plots	 philosophy”	 should	 be	 adopted,	 de-
spite	 the	 large	 number	 of	 plots	 (Baeten	 et	al.,	 2013).	 This	 strategy	




we	 have	 gained	 from	 the	 BEF-	China	 and	 other	 forest	 BEF	 exper-
iments,	we	 propose	 the	 following	 guidelines	 for	 present	 and	 future	
tree	diversity	experiments.
3.1 | Maximizing data density
Given	 the	 high	 number	 of	 tree	 individuals	 planted	 in	 tree	 diversity	
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3.2 | Applied methods should cover relevant scales
Tree	diversity	experiments	with	their	large	spatial	extent	are	usually	
established	with	a	long-	term	view	on	measurement	activities	and	data	






versity	effects	occur	at	 the	 tree	 individual	 scale	 (Potvin	&	Dutilleul,	
2009)	and	can	be	 influenced	by	 intraspecific	 (genotypic)	 trait	varia-
tion	 (Johnson,	 Lajeunesse,	 &	 Agrawal,	 2006)	 as	 well	 as	 the	 direct	
tree	 neighborhood	 (Barbosa	 et	al.,	 2009).	 In	 BEF	 experiments,	 fully	
mapped	 and	 geo-	referenced	 tree	 positions	 allow	 testing	 for	 neigh-
borhood	relationships	at	different	scales.	Thus,	it	is	not	necessary	to	







It	 is	 clear	 that	 each	method	 tends	 to	 focus	 either	 on	 individual	
trees	(e.g.,	herbivory	assessment)	or	on	the	plot	(community)	level	(e.g.,	











evitable	 change	 in	methods.	 For	 example,	while	 tree	 canopy	meas-
urements	are	easily	carried	out	 in	 the	 first	years	after	planting,	 this	
is	 usually	 not	 the	 case	 anymore	 after	 trees	 have	 reached	 a	 certain	
height.	Leaf	demographic	assessments	using	marked	leaf	cohorts	are	
not	practical	anymore	after	trees	have	reached	a	certain	height	and	





validated	 compared	 to	 previously	 used	 approaches.	 Consistency	 in	
applied	methods	should	be	promoted	to	ensure	adequate	data	analy-
sis	of	long-	time	series	and	to	reduce	ecological	uncertainty	(Schimel	
&	 Keller,	 2015).	 This	 is	 especially	 important	 given	 that	 biodiversity	
effects	may	 develop	 and	 become	 stronger	 over	 time.	 For	 example,	
microbial	adaptation	to	certain	tree	species	over	time	can	alter	above-
ground–belowground	 interactions	 and	 could	 influence	 or	 reinforce	




























3.4 | Promoting rapid assessment of biodiversity and 
ecosystem functions
The	scale	of	sampling	in	large	tree	diversity	experiments	necessitates	
rapid,	 standardized,	 and	 cost-	effective	 assessment	 of	 biodiversity.	
These	have	been	successfully	developed	for	taxa	such	as	arthropods	
(Obrist	&	Duelli,	2010;	Oliver	&	Beattie,	1996;	Yu	et	al.,	2012),	and	
meta-	genomic	methods	 are	 used	 for	 rapid	multitaxa	 assessment	 of	
microbial	and	fungal	diversity	 (Cannon,	1997;	Gao	et	al.,	2015).	The	
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With	respect	to	plant	functional	diversity,	morphological,	and	bio-
chemical	 leaf	traits	that	are	known	to	be	important	for	driving	eco-
system	 functions	 can	 be	 quickly	 assessed	 by	 portable	NIRS	 in	 the	
field,	once	calibration	is	established	(see	above).	With	its	high	sample	














assessment	 (REFA)	 has	 been	 recently	 suggested	 and	 conceptual-
ized	by	Meyer	et	al.	(2015).	Low-	tech,	easy-	to-	use,	repeatable,	and	
cost-	efficient	measurements	allow	the	harmonized	assessment	of	




sidered	 in	 an	 experiment	 can	be	 increased.	 Furthermore,	 in	 con-




across	 below-	 and	 aboveground	 subsystems	 could	 be	more	 ade-




specifically	 adapted	 or	 developed	 for	 assessing	 forest	multifunc-






mechanisms,	 essential	 connections	 between	 above-	 and	 below-
ground	 subsystems,	 and	 important	 trophic	 relationships.	 However,	
knowledge	of	 these	 interdependencies	 among	multiple	 functions	 is	
crucial	to	understand	and	predict	the	responses	of	forest	ecosystems	
to	 species	 loss.	 Considerable	 progress	 in	 forest	 BEF	 experiments	
can	be	promoted	by	applying	harmonized	methodical	approaches	to	
comprehensively	 assess	 forest	multifunctionality.	Method	 selection	
should	 therefore	 be	 guided	 by	major	 principles	 such	 as	 consistent	
application	of	methods	across	spatial	and	temporal	scales,	maximizing	
data	 density	 and	 rapid	 assessment	 strategies	 to	 increase	 the	 num-
ber	of	replicates.	Another	 important	 issue	is	to	ensure	data	compa-
rability	across	tree	diversity	experiments	for	the	growing	number	of	
synthesis	 initiatives.	 Ideally,	 this	 requires	 space-	 and	 time-	aligned	
measurement	 campaigns	 and	 common	 agreement	 on	 standardized	
protocols.	Current	methods	need	 to	be	adapted	 to	account	 for	 the	
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